Abstract. The thermoelastic materials and functional composites are used in some intelligent equipment in some special fields. The two-scale asymptotic expansion for partial differential equations of thermoelstic problem in periodic structure with boundary layer is constructed, and the two-scale asymptotic error estimations corresponding to the asymptotic solution is analyzed.
Introduction
In the developments of thermodynamics and intelligent materials, we usually need to develop some thermal composites and functional materials. In recent years, many scholars have concentrated on these materials. For many engineers, their main interests are the effective physical behavior of the thermal-mechanical and physical phenomenon. In mathematics, many researchers have discussed the numerical simulation methods and finite element method to simulate these composites [1] [2] [3] [4] . Owing to the small periodicity and coupling effects in multiple physical fields, it is very difficult to obtain the analytic solutions for these problems. Thus the effective mechanical and physical properties of these materials are the main research directions for scholars. Up to now, the results of approximation solutions for general coupling thermoelastic problem in multiple fields with boundary layer are very few. In this paper, by means of multi-scale method, the two-scale asymptotic expansion and the two-scale asymptotic error estimation for one class of coupling thermoelastic problem in periodic structure with boundary layer are analyzed.
The general linear thermoelastic problem in periodic domain with boundary layer in mathematics could be described by the following boundary value problem, ( ) 
The Two-scale Formal Asymptotic Expression
Owing to the small periodicity and coupling effects in multiple physical fields, it is very difficult to obtain the analytic solution for Eq.1. There are some traditional methods to simulate the homogenization constants for Eq.1, such as averaging method and homogenization method. But these methods failed to capture the local strains and stresses behavior in detail. So as to capture the local coupling effects let us turn to discuss the formal asymptotic solution corresponding to Eq.1.
could be expanded formally as follows, 
where
are the 1-periodic scalar, matrix and vector functions defined on n R ， respectively, which are solutions of some special partial differential equations defined on unit cube Q .
Substituting Eq. 2 into Eq. 1, by means of detail and careful deducting and comparing the coefficients of power 
where 
In practice, ( ) ... ,
In boundary layer part 2 ε Ω , so as to capture the coupling multiple physical effects, we construct the following boundary layer problem, c are positive constants independent of ε .
Proof. For simplicity, we only need to prove Eq. 15, Eq.16 could be proved in a similar way. Let solution and to simulate their numerical solution. In order to improve the accuracy of the calculation, we construct the matched boundary layer problem. In addition, some asymptotic error estimates are given, which show the effective of the expansion. In this paper, we use two-scale method to construct the formal asymptotic expansion for thermoelastic problem with general items and with boundary layer, what is more, we improve the asymptotic error estimation order from 1/2 ε to ε .
The results could be regarded as the reference for evaluating the effective physical mechanic and thermal behavior. More, our results could be useful for designing the numerical algorithm and computing the approximate solutions for these coupling systems in multiple fields.
